In this paper, we present an analysis of energy and exergy utilization in the residential sector of Cameroon by considering the sectoral energy and exergy flows for the years of 2001-2010. Exergy analysis of Cameroon residential sector utilisation indicates a less efficient picture than that obtained by the energy analysis. Cooking stands out as the most inefficient end use in the Cameroon's residential sector. In 2010, the energy and exergy efficiency are determined and were respectively 58.74% and 22.63%. Energy and exergy flows diagrams for the overall efficiencies of Cameroon residential sector are illustrated and a comparison with the residential sector of other countries is also done. To carry out this study, a survey of 250 households was conducted and the sharing of the end uses of energy was done and data were gathered.
Introduction
The search for better living conditions has pushed the country to develop new areas of research including that of energy management, and the optimization of energy use. Thus today the industrialization of a country is determined by the rational and efficient use of energy. It has been observed that in Cameroon, the use of energy has taken on a new dimension this can be explained by the growing population (which increases energy requirements) for the past decade, and also by the government policy that wants to raise the rank of Cameroon an emerging country in 2035. Thus the consumption of wood energy, fuel and electricity continue to rise, so it will be wise to reconcile high population growth, government projects and the efficient and rational use of energy. In
Methods
The methodology adopted in this study was first used by Dincer et al. [9] , who applied Resitad's approach [3] .
Exergy Calculation
In this section, we will discuss some basic quantities and mathematical relations to exergy analysis.
Chemical Exergy
One of the most common mass flows is hydrocarbon fuels at near-ambient conditions, for which the specific exergy reduces to chemical exergy and can be written as follows [2] : 
where ff γ denotes the fuel exergy grade function, defined as the ratio of fuel chemical exergy. Ertesvag and Mielnik [7] and Erstesvag [13] reported that the major parts of the input to the system are fuel and other energy carriers. For mechanical and electrical energy, the exergy content is equal to the energy content. Exergy factors for different energy carriers are shown in Table 3 . 
Energy and Exergy Efficiencies
In this study, the expression of the energy ( ) η and the exergy ( ) ψ efficiencies for the principle type of processes are based on the following definitions [2] :
exergy in product 100% total exergy input
Heating and Cooling Process
Electric process is taken to generate product heat Q p at the constant temperature T p either from electrical energy W e . The energy and exergy efficiencies for electrical heating are [9] . 
Methodology and Data Sources
In order to determine the energetic and exergetic output of Cameroon's residential sector, it is essential to know how this energy is used in this sector. Therefore, we have used the data of two institutions namely the National Statistical Institute (NSI) and the Ministry of Energy and Water Resource. Then, a further survey was carried out on 250 households of different locations and different living standards in Cameroon. The aim of this survey was to collect necessary data for the realization of this work. It was carried out by the students of the Analysis Laboratory of Technologies of Energy and Environment (ALTEE). The questionnaire used covered the following aspects:
• Types of appliances functioning with fuel.
• Information detailed over the electrical appliance, their powers, numbers, and the utilization time.
• Types of appliances used in cooking.
• Types of lighting and its utilization time and power rating. In all questions, the level of ownership was being asked for each type of equipment and appliance. To ensure the good quality of such a survey, the students were given a tutorial lecture on how to collect and record the required data correctly and efficiently. At the end of the survey, the sharing of the end uses of electrical energy was determined.
Energy and Exergy Efficiency of Electrical Appliances
Each appliance operates in a range of efficiencies. The efficiency of an appliance is usually described in terms of energy only. But there we add another term called exergy efficiency that correlates the second law of thermodynamics [14] . The reference temperature T 0 , appliances energy efficiency e η , and its product temperature T p , are needed to get the exergy efficiency and these values are presented in Table 4 .
If electrical or mechanical energy is output, the following equation is valid since the quality factor of both energy forms is equal to one based on Utlu and Hepbasli [18] Exergy efficiency
The exergy efficiency of some of refrigerator-freezer has been calculated with the aid of methodologies described by Dincer et al. [9] and Utlu and Hepbasli [19] .
Energy and Exergy Efficiency of a Cooking Appliance
Using the methodology describe in Section 2.1, the exergy efficiency for this appliance can be calculated using following known values:
These values are needed in calculating the overall energy and exergy efficiencies.
Weighted Mean Energy and Exergy Efficiencies
Weighted mean energy and exergy efficiencies are calculated for the residential sector using a three-step process.
Weighted Mean Electrical Energy an Exergy Efficiencies (First Step)
First, weighted means are obtained for the electrical energy and exergy efficiencies for the device categories listed in Table 4 , where the weighting factor is the ratio of electrical energy input to the device category to the total electrical energy input to all device categories in the sector [2] .
The calculation of the overall weighted mean energy and exergy can be illustrated as follows: 
where e R η is the weighted mean energy efficiency, appliance e is the appliance's energy consumption, appliance η the appliance's energy efficiency. Table 4 . Energy efficiency, product and environment temperatures, exergy efficiency and shared of used energy.
Share of used energy (%) 
where e R ψ is the weighted mean exergy efficiency, appliance e is the appliance's energy consumption, appliance ψ the appliance's exergy efficiency.
Overall Weighted Means Energy and Exergy Efficiencies (Third Step)
Third, overall weighted means are obtained for the energy and exergy efficiencies for the electrical and fossil fuel processes, where the weighting factor is the ratio of total fossil fuel or electrical energy input to the residential sector to the total energy input to the sector [2] .
Weighting factor for electrical energy can be calculated using following equation: Similarly weighting factor for fossil fuel can be calculated using following equation:
Finally, using the following equation, the overall weighted energy and exergy can be calculated as:
where o R η is the overall energy efficiency, 
where o R ψ is the overall exergy efficiency, e R ψ is the weighted mean electrical exergy efficiency, and f R ψ the weighted mean fossil fuel exergy efficiency.
Results and Discussion

Electrical Energy and Exergy Calculation
Using the sharing of energy in the residential sector, the energy consumption in the residential sector is given in Table 5 . Table 5 shows a significant growth in the consumption of electrical energy. That is simply due to the growing demand of the population. It is important to note that much of the Cameroonian population is still without access to electricity. Indeed according to the National Institute of Statistics in 2005, 49.7% of the population has access to electricity; this figure rose to 60% in 2010 due to the expansion and intensification of the power grid efforts. Between 2001 and 2010, access to electricity rate increased nationally and in urban areas. But there was a slight decline in rural areas. This may be due to the fact that the number of households increases without that new subscribers will have the same pace because households are more likely to subscribe to electricity from a neighbour than from AES Sonel.
Fossil Fuel Energy and Exergy Use
In Cameroon, the residential sector mainly uses Liquefied Petroleum Gas (LPG) and diesel oil as their fuel for cooking, while electrical energy is rarely utilized. Their energetic and exergetic consumptions are given in Table 6. It is important to mention that this energy is essentially used by cooking appliances.
It should be noted that the domestic gas consumption is still very low in Cameroon as evidenced by recurrent shortages and limited access especially in rural areas and in the savannah zone of Northern Cameroon. The offer is limited today by subsidized and administered system in one hand and by structural problems (lack of storage capacity, lack of security stocks, high cost of equipment for primary consumption, low interchangeability packaging system, etc.). According to the HSPC, such provision of LPG increased by 9% between 2010 and 2011. The consumption of oil has increased from 5600 TJ in 2001 to 5240 TJ in 2010, a decrease of approximately 34%. This decline has been observed since 2003. This may be explained by the increase in prices of petroleum products and the increase in electrified rural areas. This continuous decline in consumption of kerosene causes a change in the structure of consumption of petroleum products by households.
Energy and Exergy Efficiencies
Energy and Exergy Efficiencies of Electrical Appliances
Energy and exergy efficiencies of electrical appliances are determined using the methodology stated in Section 2.3. The exergy efficiency depends on the energy efficiency, the environmental temperature and the product temperature. Using the electrical energy efficiencies as inputs, exergy efficiencies ( ) e ψ have been determined and presented in Table 4 . For example, the exergy efficiency for the refrigerator-freezer appliance is calculated using Equation (6) 
The calculation of the overall energy and exergy efficiencies, 0 η and 0 ψ , respectively, of all appliances can be done using the share or percentage use of each appliance in the total used energy as a weighting factor. where ei η and ei ψ are the energy and exergy efficiencies of appliance i (%), ei F i the fractional energy usage for appliance i (%). Applying these equations, the overall weighted energy and exergy efficiencies for all appliances are 70.24% and 50.61%, respectively.
Energy and Exergy Efficiencies of a Cooking Appliance
Energy and exergy efficiencies of cooking appliances have been calculated using the input data shown in Section 2.4 and Equations (10) and (11) and presented in Table 4 .
Energy and Exergy Efficiencies of Lighting
According to the survey, lighting electrical consumption in Cameroon is found to be divided approximately between fluorescent and bulb types with their energy and exergy efficiencies are 20% and 18.5%, and 5% and 4.5%, respectively [20] [21] . Using these two values, the energy and exergy efficiencies for lighting are calculated and were 12.5% and 11.5%, respectively.
Weighted Mean Energy and Exergy Efficiencies
The weighted mean energy and exergy efficiencies are calculated using Equations (8) and (9) 
Weighting Factor
The weighting factors for fossil fuel and electricity is determined by applying Equations (12) and (13) and presented in Table 8 . An example for the year 2010 is calculates as follows: 
Overall Energy and Exergy Efficiencies
Using the Equations (14) and (15), the overall energy and exergy efficiencies are determined and presented in the We note that, exergy efficiency was lower than its corresponding energy efficiency for the years 2001-2010. The most significant differences between energy and exergy efficiencies are attributed to cooking and Refrigerator-freezer.
In Table 9 we classified the end use of energy into three great families (electrical appliances, lighting and cooking). It can be seen that, electrical appliances are the most efficient end uses for energy and exergy utilization. Owing to the fact that most electrical appliances have identical energy and exergy efficiency values since their output is either electrical or mechanical energy (Figure 2) .
For the proper utilization of exergy, it is desirable to have a value for η as close to unity as practical and also a good match between the supply energy quality and the end use process. Figure 2 shows the energy efficiency, exergy efficiency as well as the ratio between them for different end uses of the residential sector in Cameroon. A proper match is made whenever the value of the energy efficiency/exergy efficiency ratio approaches unity. The inefficient utilization of energy resource is characterized by the higher value [14] . Cooking stands out as the most inefficient end use in the Cameroon's residential sector, due to the large gap between reference temperature (298 K) and product temperature (374 K).
Cameroon is not the only country where the exergy efficiency of his residential sector is lower than the energy efficiency many other researches where made and the same conclusion was done. According to the Table  10 , it is observed that the exergy efficiency of the residential sector in Cameroon is higher than in many countries. This can be explained by the standard of living of the Cameroonian population and climate. Indeed because of their standard of living, Cameroonians can not afford some appliances with high exergy loss as rice cooker washing machine and air conditioner. The favorable climate also avoids certain need such as water heating and space heating. These two needs are the main causes of low exergy efficiency in the residential sector in Jordan.
Energy and Exergy Products and Losses
To identify the energy and exergy products and losses, it is relevant to utilize energy and exergy flow. These flow diagrams are also helpful in distinguishing the high or low energy and exergy efficient devices. Based on the result of the analyses presented above, we established the energy and exergy flow diagrams of Cameroon's residential sector for the year 2010. These diagrams are presented in Figure 3 and Figure 4 which show energy and exergy inputs, productions and losses for each end use of the sector.
To raise the exergy efficiency in the residential sector in Cameroon, more actions are undertaken. One of them is the creation in the Ministry of Water and Energy a Sub-Directorate of Energy Management. One of its mission is to promote energy efficiency in the Cameroon territory and thus in his actions, several awareness campaigns are carried out in this direction. 
Conclusion and Policy Implications
In this paper, the overall energy and exergy efficiencies of the residential sector in Cameroon for a period of 10 years (2001-2010) have been determined by applying exergy analysis techniques used by Dincer et al. [9] . In 2010, the overall energy efficiency was 58.74% whereas the overall exergy was 22.63%. The exergy efficiency appears to be much lower than its corresponding energy efficiency due to the large amount of losses taking place in cooking end use. Analyses in this study have shown that the highest energy and exergy efficient end uses are the electrical appliances while lighting and cooking end uses are the least respectively. The obtained efficiency values are comparable to those reported in China, Canada, USA, Brazil, Italy, Malaysia, Jordan, Turkey, Norway and Saudi Arabia. The exergy efficiencies of the Cameroon residential sector appear to be higher than those of Saudi Arabian and Norwegian but less than those of Malaysian and Turkish.
The data obtained from the study can be used as a basis for calculating cost benefit analysis for the implementation of new renewable sources for electricity generation and developing an emission abatement program in Cameroon.
